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By williesl B. Campbell 

Results of teats are given for 10 -a of each of 6 tqpea of multi- 
strand, single-element, bakelite-bonded wire etraln gg~ges . The callbra- 
tlon factors for the 10 gages of a given tspe differed frcm the average 
factor for thattypebynotmre thanti.6percent. For one of the six 
types this difference was less than t0.4 perce3rb. 

Two of the t3Lx *es of gages, 
SPQP 

&wed no reduction In calkatlon 
factor at temperaturea up to U-O0 &I! . Four *es of gages ahowed a 
reductionlnoaLLbrationfactoratlkO" Cwhichrangedfrom3 to gper- 
cent. The reduction In calibration factor became noti.ce&ble for all 
type of gages at a teqerature oflT!O C.*$+ 

,t, - 
CreepuasmeasuredononepaJr &gages of one typeatconetaat 

strain. The gages showed no creep at temperaturea as high as 140' C. 
At17C" C the creepatthe endoflhour amountedto 6percent of the 
applied strain. 

The maximum difference in unit change In gage resistance between 
different gages of the same tSpe when attached to unstressed a lbara 

, andsubjectedto chan@ng temperature didnoteme 
degree centl~adeforadvance gages andO.15xlC' &d 

v 0.02x10' per 
per degree canti~ade 

for isoelastiQ3 gages. 

Gages resistance was found to vary almost linearly with the power 
dlsslpated by a gage. The unit change In sge reals 

t- 
8 per watt of 

pomrdlssipatedby the gagerangedfrcnn-10.0X10' 
to lgcl x 10-4 

for advance gages 
for isoelastlc gages. 

The purpose of the teatawas $odetermins important performance 
chartiterlstics for several Qpes of bakellte-bonded wire atrain gages 
which me representative of gages in current use by the aircraft 
Industry. Six tspes of commerclaUy available gages were selected for 
the tests. The following chszacteristics were detemined: 
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(1) Uniformity of 'calibration factora f6r individual ws of the 
S-F- 

(2) Variationof calibration factor xith temperature 

(4) Efect of current-on gage resistance 

(5) Varlat1on of gage resistage with temperature 

This inveatlgstion was conducted at the National Bureau of Standards 
under the sponsorship and with the f3nanclal assialxmce of the National 
Advlsorg CommIttee for Aeronautics. . 
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unit change ingagereslstance R 

strain 

caUbratlon factor of wire strain gage 

deflecticm of free end ofcmtlleTier beam, Inches 

change In reading of SR-4-strain Indicator 

power, watta 

voltage with alternating-current'source 

voltage with direct-current source 

temperature, OC 

thermal coefficient of linear expansion/°C 

thermal boefficient of Young's modulus of'elastlci-ty/°C 

leqth of cantilever beam, Inches 

beam stiffness in bending, pound-inches2 . 

DxmRImIoNaF GAGIS 

Six types ofuire strain.gages, designated A to B, having gage 
lengtha from l/4 to 15/16 inch and resistances from 75 to 1000 ohrm; 
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were Included inthe program. Cagea of *es A, B, 8pd C were wound with 
~~ewireand~sD,E,~~werewl;oldxi~leoelssticwire. 
Table 1 gl.ves rmuInal values of *ge resistance and callbPatSon factor 
foreachtygeofme. Figure 1 shows the gages attached to test strips 

'for calibration. The gageswere attached inaccordancewlth the 
manufacturer's Instructions. 

Unlformi~ of Calibration Factors for Individual Cagea 

of the Same Type 

Tensile calibrationfactors K for10 *gee of each-were 
computed by substituting measured values of unit change In gage reslat- 
ance M/II correapoll3dingtoakzmmc~lnstralnAG lnthe 

, fundamntaleq~tlou: 

fSR1 * 
K=R~ (1) 

Curves of unit change ingsge reslatance a@nststralnwere obt&nedfor 
one mge of each me prior to cslibratlon to indicate the deviation frm 
lineezity of gage output for the.first and tenth cyclea of atm.In. AU. 
gages were subjected to a strain of 0.0021 for 10 cycles before calibra- 
tion . Following the l0 prestral&ng cycles, the gageswere calibratedby 
measuring &R/LR foratensile stzainofapproxI3mtely0.0O20for gages of 
Apes A, B, snd C and of 0.0010 for -es D, E, and F. The calibration 
factor K was computed as the average value of equation (1) for five 
detmmbatlona on each gage. 

Figure 2 shows the laboratory setup for apply- known strains to 
the gagebeIngcalibra;ted. The testandccmpensatIngwIre straIngages 
were attached to 18- by 3/4- by 1/16--h steel bare A and B, respective& 
Strains applied to the teat gage during calibration were measured tith 
Tuckerman optical straip gage C mounted on the calibration bar ao as to 
span the wire strain gage. 

I Theunitchange In** reslstancewasmeasuredtithaWeunertype 
ratio set In a direct-cment Wheatatone bridge. The laboratory setup 
for resistance meas urements la shown In figure 3. 

Vaxiation of CalIbration Factor with Tqerature 

Tests were made of two gages of each -type to determIne the variation 
In -bration factor with temperature for temperatures between 30’ and 160° c. 
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The laboratory setup for measurements of chauge In calibration factor 
with temperature Is shownFPfig~~e 4. One of the calibrationbars, 
previously used la the tensile calibrations, was shortened at one end 
to form a cantilever beam A (fig. 4) when'claurged in frame B. The beam 
andframewerehousedinatermperature-oantrolledoven. The twowire 
~gea,attached %ack-to-back"to the top andbottcxufaces of tie beam, 
were connected to au a-4 portable strain IndlCator (reference 1) to 
measure gags outputresultingfrom bending stralnsinthe beam. The 
beamwas loaded at'the free endwlth deadweights C bearing on the dial 
rod D. Deflections of the beam relative to the frame B were measured 
tithadialhdlcatorEsupportedonrodF. Startingatrocrmtmperature, 
the beam deflection yt andthe change intiheS.R-4 iPdicatorread2tq LDt 
corresponding to a constant l&d at C were measur& 4t different tem- 
peraturea t. The load at C was chosen to produce an extreme-fiber 
bendlng strain oflo x low4 underneath the straIngage. 

The ratio of the average callbratlcm factor Kt of the two gages 
ai a temperature t to thatatroomtmperature (30° C) is, accordhg 
to equation (l), 

Kt (f=& (A43o si= (mb)30 (As>, (2) 

SiIlce gage output &I/h Is proportional to the change inreadingof the 
SIR-4 Indicator AD, equation (2) can be written, 

gt, (m), (Ad30 

. G= (m)3o (Ad, (3) . 

The strain &uzuge (Ae)t was correctedfor the Qmrease Inthe 
moment of inertia of the beamby.a factor of (l+ aAt) because of the 
thermlexpanslonof thematerial corresponding to the'cw Intqra- 
ture At = t - 30, and it was corrected for the change in Young's 
modulus with temperature bs: a factor of-l'+ B At. With these correc- 
flona equation (3) becomea ' 

Kt @at 
q-03, (1 + a At)2(1 + B At) - (4) 

IEquatIon (4) was used to compute the than@ in-calibration factor 
with temperature for all gages. Anaverage value of a= 1.2 x lO-5per 
degree centigradeuasassumedfor the steelbesms. Anavs value 
of B waederlvedfrom measure values of the ratio y30/yt of 

. 
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deflections at aqy teqerature t and 30° C. According to the cantilever- 
b-formula, 

Y30 ('L3/5)30 

- = (ZQJEIlt 
= (l+aAt)(l+BAt) 

yt 
(5) 

Solving equation (5) for B led to an average value 

B = -33.5 X 1O-5 per degree centlgmde 

The maxImum values of the term (1 + a At)2 and (1 + B At) in equation (4) 
dlf'fered froan unity by less than 0.5 percent and 6 percent, respectively. 
Hence, a precise determination of the thermal coefficients of -ion s . 
audof Youug'smoduluswae notconslderednecessary. 

Creep 

Creep tests were made of two gages of tspe E at tempemtures up 
to 1700 c. The testsweremadeby observlngthe change in-the indicated 
bending atraInw1-k time of two Qpe E gages on the cantilever beam 
showninfigure 4whenthebeamwas subjectedtoaconstant 
were made for extreme-fiber strains of 5 X 10B4 md. 10 x 10' F 

Tests 

tures near 300, 60°, 140°, and 170' C. 
at'tempera- 

At each temperatme the change' 
inindkatedatrainwas observedover auintmvaloflhourfollowing 
the appllcat1on of load to the beam. 

Effect of Current on Cage Reslsteme 

The change in resistance with current was measured for ei&t gages 
of each tspe in order to estimate the allowable current for each gage. 
The unit change In g%ge resistance was measured for gages in which the 
test c urrent was increased from zero in small steps over 13ninute 
intervals toavalue atwhlch the powerdlsaipatedby the gagewas 
0.5 watt far gages of Q~es A, B, and C and 0.3 watt for gages of 
tspes C, D, and E. Measurements were made for gages attached to 
alurminum-alloyandsteelbsxa. 

The circuit for measuring the effect of test current on gages is 
shown in figure 5. It is esaentLally a bridge WitkLn a bridge. E'our 
m s*a bus, '1, r2, r3, and r4, of the same tspe and of nomWaUy 
equal resistance were connec tedinabel.aucedWheatstone bridge called 
the %mxillary" bridge. !Lhe auxlliarg bridge In turn constituted the 
exmR of anotherwheatstone bridge ABYR calledthe "min"brfdge. The 
potentlaltermAnals of the auxiU.arybridgewere connectedtoau 
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~ternatlng-currentsourcewithadjus~blevoltage l&J, anathe 
potential tdmdnals of the maIn bridge'were comeoted to a direct- 
ourrent sour08 with voltage b. Since &es rl, r2, r3, and r4 axe 
approximately equal in resistance, very little of the alternating current 
In the auxlliaqbridge paseeg throughl3~eA, B,mdYarms orthrou& 
the battery and @Vamxneter branch of the lnain bridge. Therefore, the 
heating effeot of the alternating ourrent-is oonfined practically b--the 
tire skalrtgageelnt@ auxlliarybri@e. The unit chEtnge In resist- . 
an08 LIB/h of the series-parallel arrangemmt, rlrfl3r4 measured with 
the main bridge I.V.B~ then be regarded as the average change due to the 
alternatlngcurrentfluWlngthrough the *ge. The voltage Rc was 
eqml to 1.5 volts throughout these tests. 

Vexiation in Cage Resistance w-II& Tanperature 

The change In gam resistance with $emgerature w&s deiimmchd for 
10 gages of each Q-pe attached to unstressed steel bars whloh were used 
0~1ginal.Q for tensile calibrations. 
valrlea~300 to160° c. 

The temperature of the bys was'. 

Thebarswerep~cedintheovenehaKninfigure4. Efmhbmhad 
two &ages attaohed at the center in a back-tq-back amangement. One of 
the 10 gageswasarbitrarllyseleotedasa compensatlnggage. !J!he oompen- 
sating gage andeaghoq of the remldngnine gageswere comeoted toan 
SR-4--portable strain Indicator. At-each of several temperatures between 
30' and 160' C'the difference In indioated strain between eaoh of the 
test gages and..the oompensatlng gage was obsercred. Following these 
measurements the actual outputof the oamp&nsating gage at each tempera- 
ture was determined by ocunparing Its reels-e with a fixed resisterme. 

Calibrationfactors for 10 @@xi of eaoh ofthe Gtypes axe givenin 
table 2. Deviation curves,showlq the &epmtwe of pgtits on the callbra- 
tioncurves of one &age of eaoh typefroma stralghtU.nehavlnga slope. 
equal to theaverage factorg,eze SIXXU tif~gures 6 to ~.for the first 
and tenth strain oycles on gage 1 af each Qpe. 

Examination of the deviation curves ti figures 6 to u shows that 
the hysteresis was greater on the first cyole of stmxlnUg than on the 
tenth cycle. This may be expeoted on the basis erevlous experience 
with wire strain gages (reference 2). The zero shift resulting from 
the hysteresis on the first cycle ranged from 0.8 percenkof the applied 
madmum strain for the gage of tyke A to 3.1 percent for the gage of 
tspe C. On the tenth cycle C% straining t&e z,ero shift wgs,,r~~uoed Q2 0 
and 0.6 peroent.qfMth,e.appli~ maximum strain fog tspes A and C, respeo- 
tively. In all cases it was observed that the slopes of the devlatlon 
curvesfok stralndeor~sing fromthemxdmm~were1~3E~rlythe same for 

. . 
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the first and tenth cyoles. It follow% therefore that the oalibratlon 
faotor for deoreeasing strain is nearly independent of the number of cycles 
of straldappl1ed.andthatthe nodzkearity lew to hysteresis, zero 
shift, and varying gage faotor occurs during the half of the oyole when 
the sizalnls -easing. It will be noted that the hysteresis is 
appeciably greater for gages of types C and F havktg l/4-Inch gage 
lengths thanfor~esAesdDhavlng 15/l6-inchga@le~. This is 
ascribed to the more compaot WlniLing used in the shorter gages which 
presumably inoreases the stress carried by the cement. The increase In 
stress in the cement mey be expected to lead to greater creep a& hysteresl 
thenfor the longer &ebges lnw3dch themes arewidely separatedandthe 
stresses in-the oeutbmtezelower. The maximum deviation of calibration 
faotors fram their average ranged from 20.4 percent for l0 gages of -eB 
to ti.6 peroentfm XI gages of -type c.. 

The rat10 of the oalibratlon faotor at a temperature t to the 
factor at roomy temperature (30° C) Is plotted. aga.inst temperature in 
f~guresl2andl3. EmmzLnatlon of figures 22 and l.3 share that no 
siegliflcant reduction in calibration factor was observed fca: gages of 
-types A and B for temperatures up to 140° C. At 170° C factors for tkese 
gages were down about 3 peroent. Gagesof~esDandEshoweda reduo- 
tion In factor of about 3 peroent at140° C and about 7 percent at 1700 CL 
ms C asd F showed a reduction of about 9 percent at140' C. The factor 
fcrr Q-pe C was down 25 percent at l67o C. 

Curves of creepwhenaoonstantstra$n 6 was applIedto the Bage 
L e;reshmninfigure14ftitwogagesof 

tsp& 
E at temperatures of 140° C 

w and 1700 c. Forapplledstrains of 5xlO' ad.10x10-4 negligible 
creep with tims was observed at temperatures up to 140' C. At 170° C 
the creep in 1 hour amounted to about 6 percent of the applied sIxah. 

. Curves of LRb a~nsteleotrlcalpawerrabsorbedby the gageare 
, gLven in figures 15 and I.6 for ga 8 attaohed to unsizessed steel snd 

aural- bars. fir I Flgures15endl showthat~ outputveiriqdalmost 
Nearly with the power dissipated by the gage. Parer coeffioients, 
definedas theamrage slope of the cmrveof m/R' a-t P, F 
given in table 3. Power coefficients were negative for gages A, B, 
and C which were wound with advance wdre and positive for gages D, E, 
and F which were wound with lsoelast$o wire. Values of power coeffl- 
;gi xepott:k ~2~8 x 10-b er watt.for gage C to 

. Ln all cases the resistance of the 
*ges fncweased mre (or decreased less) for a given pmer for gages 
on durethrmin than on steel. STnce &R/R wasfoundtovmyaJmost 
llneaxly tith the power dissipated, there was no obvloue indication 
of excessive gage ourrent. However, It appears that the power isput 

- I to gages shouldbe ldd=$edto about0.05wattlf adequateteqerature 
conrpensatlon is to be azpected. 

. 
Curves of change Fn gage resistance M/k wt temperature for 

sges attached to unstressed steel bars are shokn for one g8ge of each 
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type in figures 17 and 18. The~difference ln . . m/R per degree 
change In temperature between,auy ? of 10 ga~eg of-eaqh tg~e are given 
In table 4. 

Figures 17e~nd18showthatgages hav,ingadvamewire grids,A, 
B, and C, decreased In resistance with lnoreaslng teqmrature and gages 
havw leoelastic wire grids, D, E, and-E, lmreased in reslstanoe with 
lameasing temperature. The temperature sensitlvlty of gages A B, 
and C when attached to steel was found to be about mb = -O.lk x 10B4 per 
degree centlgradeforall three ga types. Gages D, E, and F eaoh gave 
a temperature sensitivity near & z = 4.11 X 10-k per degree oentlgrade. 
The zruzlmm dlfferenoe In &a 

z 
outputwith temperature for 10 Sages of the 

e-am tspe did not exceed LR = 0.0 
advance gages and AR/R = 0.15 x 10' 2 

XlQ-4 per degree oentigrade for the 
per degme2entlgrade for the iso- 

elastlo gages. Incomgutlng theee datal-twas assumed-that the thermal 
coefficient of expansion was the same for all test bare. 

. 

Tests were made on six *pee of bakelite-bonded wire strati gages 
which lnoluded representative gages utiUzlng advanoe end leoelastic 
strain-seusltlve wires. 

The calibration factors for the 10 gage8 of a given me that were 
tested differed from the average factor forthat type by not more than 
ti .6 percent. For on& ofthe six types thie difference was less than 
i0.4 pement. 

1 

..- 
I 

Four of the six tspes of gebgee showed a reductioq in calibration 
factor at temperatures near 140° C which ranged from3 to 9 percent. 

'The deorease In oallbratlon factor became marked for all @gee as the 
temperature was increased to 170° C. 

The ohanges In gage resistance due t"-pe electric power dissipated 
by ~JM @we r ped from LIB/R = -10.8 x 10 per watt-for advenoe gages 
to lgOXl0' per watt for isoelastio gagea. These changes omrespond 
tomaximum indioated strains of -52OmicmImhes perwjattw 54OOmIcro- 
In&es per watt, respectively. There ~138 no indication ofdamage to the 
*ge for a power input up to 0.2 watt. However, It appears that the 
power tiput to gages ehould'be limited to aboutO.05 Ftt if-adecjpate 
temperature compensation Is to be expected. 

Gages showed appretilable sensitivity to charge in temperature. 
Fortunately, the temperature eensitlvlty of different @ges of the 
saumtspewas sonearl.yunZormthatgagee pickedatrandomwo d 
cnmpensate In unit change in gage reelstance wlthln 0.02 X 10' e per 
degree centigrade for the'gages uslq advance wire and within 
0.15 x 10-b per degree centigxde for the gages using lsoelastlc wire. 

National Bureau of Stmdmds 
Washington, D.C., May 5, 1947 
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1. Anon.: SR-4 Portable Strain Indicator. Bull. 169, BaldtinSouthwark 
l Div., Baldwin Locomotive Worka (EUladelphia), 1942. 

2. Campbell, WKU+mR.: Ferformnc eTeste al? WlreStralnQages. 
I - Calibration Pa&ore In Tension. ITACA TIP Ho. 954, 1944. 

. 
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TABLE l.- ~CR~ONOFGAGES 

age Nominal Calibration 
length resistance 

(-4 (0-J) 
factor, K Stzaln-sensitive 

bpprox l > 

WIZW 

15/16 
112 
l/4 

350 
75 

I 2.04 

8:s 
15/16 1000 3=53 

l/2 200 3.48 
0 500 3-30 

Advanoe 

Isoelastio 

._ 
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. 

- , 

2-e 

2.065 

OallhtLa A- 
ml&or -,I x 

A 1 Q.094 
2 Q-083 
3 Q-W7 

Q.093 
3 

!: 

Q-094 
Q-081 
Q ,094 

98 Q.loo 
Q.lU 

lo Q-077 

B 1 Q.082 
Q 2.053 
3 

; 
I-i32 
e:os4 

6 2.@!3 
7 Q.o$8 
0 Q.063 
9 Q-W 

lo Q.'VQ 

C 1 Q.KlQ 
Q 2.003 
: 1499 

5. 

4 

a:g 

' ,':z%z 

9” 
2-w 
Q.C25 

lo Q.Ol7 

D 1 2 Ez . 

2 ;:g 
2 3.337 

ii 
:-zE 

9 $!&? 

lo 3k9 * 

1 1 
Q ;:gi 

z ;-z 
2 3:234 

7 ::Z$ 

9” xi 
lo 3:m 

B 1 3.226 

i 

3.Q38 

2.olQ 

3.34l 

3.a 

5 ;:z . 

t ;:g 
8 3.Q33 

l.z 3.222 3.216 3.227 
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TAKLFJ 3.- PowERcolTLeTIcIENTsl : 

Gage 
tyPe 

A 
B 
C 
D 
E 
F 

Power coefficient ((fSR/R)/wa.tt) of gage 

On steel Onduralumln 

-3.3 x 10-4 -0.3 x 10-4. 
:g*; -6.2 

-6.5 
73-m 142 

166 190 
142 188 

lpower coefficient, (LYZ/R)(l/p); that is, the unlt0hange In gage 
resistance per Tqatt of power dissipated by the gage. 

-537' '- 

. 

TABLE 4.- TlewERATuRE sEIJsITmm OF cA.GE3 

me Temperature IUxdmum difference in 
me sensltlvlty (LKR/R)/~C between 

. ((-/R)/oC) any 2 of-X0 gages 

A -0.14 x 10-b 0.008 x 10-~ 
B -.14 l 020 
C -.15 .015 
D J-27 E kit *l% 
F 4.11 ,088 

-357 l 

. 

. 
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Flgure l.- Gages attached to test strips for calibration. 
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FQure 2.- Setup for app@g known draina to gage being calibrated. 
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Figure 3.- Setup for measuring gage resistance. 
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Figure 4.-. Setup for measuring change in, calibration factor with temperature. 



. 

. 

. 



- Edc - 

Figure 5.- Circuit for measuring effect of test current on 
gages. 
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FYfgm 6.- Deviation curves for gage 1 of type A. Figure ‘7.- Deviation curves for gage 1 of type B. 
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l?igWe 8.- Deviation curves for gage 1 of type C. Fia;ure g.- Devktion curves for gage 1 of type D. 
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Figure 12.- Curves of ratio of calibration factors Kt/KS against 

temperature t for gages of types A, 8, and C. 

.6 30 130 160 170 

Figure 13. - Curves of ratio of calibration factors q/KS against 

temperature t for gages of types D, E, and F. 
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Figure 14.- Chrvesofcr~wlthaconseantstrain G appliedtotwogagesof@peE 
at two temperatures. 
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o Type A, steel 
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Mg;ure 15~ Curves of change in gage resistance AR/R agUt electrical power akd3orbed 
P for gages of typea A, B, aal C attached to unstressed steeland duralumin bars. 3 
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R 

rl0’4 - I 
Gage 

-0 Type 0, steel 
A Type E, steel 
c3 Type F, steel 

- d Type D, duralumin 
CY Type E, duralumin 

- d Type F, duralumin 

Power, P, watt 

, 

. 

Figure 16~ Curves of change in gage resistance ARB against 
electrical power absorbed P for gages of types b, E, and F 
attached to unstressed steel and durahnhin bars, 

. 
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Figure l7.- Curves of change in gage resistance AR/R against 
temperature t for one gage of each of types A, B, and C 
attached to unstressed steel bars. 
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Figure 18.- Curves of cha.nge in gage resistance AR/R against 
temperature t for one gage of each of types D, E, and F 
attached to unstressed steel bars. 


